Circular economy (CE) is gaining popularity at different levels with the promise of creating more sustainable processes. In this context, cities are implementing a number of initiatives that aim to turn them into sustainable circular systems. Whether these initiatives achieve their sustainability goals, however, is largely unknown. Nevertheless, as the application of CE strategies is actively encouraged by many policies across the globe, there is a need to quantify the environmental impacts and to identify the strategies that support urban sustainability. This paper analyses the extent to which research focuses on quantifying the environmental balance of CE initiatives promoted at the municipal level. To this end, the analysis scanned CE initiatives reported in cities around the globe and classified them into urban targets and CE strategies. In parallel, the paper conducted a review of the literature that uses industrial ecology tools to account for the environmental impacts of CE strategies. Results show a diverse geographical representation, as reported cities concentrated in Europe, whereas for environmental research, the main results came from China. In general, cities encourage strategies relating to urban infrastructure (47%), with and additional focus on social consumption aspects, such as repair and reuse actions. In comparison, research mainly addressed industrial and business practices (58%), but the approach to infrastructure was similar to that of cities, both with a special interest in waste management. Research has yet to assess social consumption and urban planning strategies, the latter essential for defining the impacts of other urban elements. Hence, there is a need to define the environmental impacts of the strategies that cities select in their quest for circularity. Research and practice can also benefit from working collaboratively so as to prioritize the CE strategies that best fit into the features of each urban area.
Introduction
Cities are striving to comply with sustainability criteria while their populations keep growing. UN-HABITAT (2011) reports that urban areas contribute 70% of the global greenhouse gas emissions, although this value varies depending on how the boundaries of a city are defined (Satterthwaite, 2008) . As cities are expected to host 66% of the world's population by 2050 (United Nations, 2015), decision-makers are taking action in the field of sustainability and the circular economy (CE) is one of the models that is gaining momentum. This concept has emerged through the integration of a variety of disciplines ranging from business to natural sciences (Prieto-Sandoval et al., 2017) . The main rationale behind CE is the development of systems that go beyond linear "take-makedispose" economic models and approach closed loops of materials and energy that maintain the value of resources in the economy (Pearce and Turner, 1990) . To this end, eco-innovation is considered a key transformative process to achieve a regenerative CE (de Jesus and Mendonça, 2018; Stahel, 2016) .
CE is already the core theme of a major European action plan (European Commission, 2015) and country-specific regulations, such as the Circular Economy Promotion Law of the People's Republic of China (National People's Congress, 2008) . For this reason, cities and communities are encouraged to apply innovative strategies for approaching circularity at the urban scale. To understand how cities can become more circular, recent studies identify the main CE initiatives promoted in emerging case studies around the world (Lindner et al., 2017; Prendeville et al., 2016) . Additionally, some authors study urban circularity through particular indicators, such as resource consumption or waste recycling rates, among others (Geng et al., 2009; Guo et al., 2017; Su et al., 2013; Zhijun and Nailing, 2007) .
Implementing CE initiatives not only generates potential benefits, there are also a number of environmental risks. For instance, material circulation is known to produce a degradation of the material quality and quantity, requiring additional energy and resource inputs that are often disregarded (Cullen, 2017) . If CE is supposed to alleviate the environmental burdens of our current systems, there is a need to make sure that the most environmentally friendly initiatives are realized. One of the underlying approaches to CE is industrial ecology. As Erkman (1997) explains, "the industrial system, just as natural ecosystems, can be described as a particular distribution of materials, energy, and information flows". This analogy to biological systems demands the application of a systems perspective when conducting environmental studies, which can take the form of life cycle assessment (LCA) or material flow analysis (MFA), among others (Lifset and Graedel, 2002) . Through these methods, one is able to identify major environmental consequences that result from products, processes and activities.
This paper questions whether the environmental assessments conducted so far in the framework of CE actually align with the CE initiatives promoted in cities. This is a key question if cities seek to transition to a sustainable CE. If decision-makers are aiming for environmentally sound initiatives, then the selection process could benefit from academic research supporting and guiding CE implementation. In order to support societal transformations, gathering knowledge and understanding developments about societal trends is crucial for steering research accordingly. For instance, this could be translated into assessments of trendy solutions or the potential of less popular processes. This study aims to aid this endeavor by providing a first exploratory assessment. For this reason, this article reviews existing literature that accounts for the environmental impacts of CE strategies and relates it to current local practices. The main objectives are to (i) identify which strategies are conceived across a variety of cities and to what extent they are pursued by cities, and (ii) assess which of these strategies are covered by quantitative industrial ecology literature. A mismatch between research and practice might point to future areas of analysis for science to consider in assisting decision-making. Hence, this paper provides suggestions for potential research needed. It is not the objective of this paper to assess which of the city initiatives are realized, which are the most environmentally friendly, or to explain why certain cities adopt certain strategies and not others. Although these issues are extremely relevant, their analysis is beyond the scope of this paper.
Material and methods
This analysis consists of three main parts. Section 2.1 describes the data collection process to obtain a comprehensive sample of CE initiatives applied in cities. Section 2.2 presents the procedure according to which the literature review was conducted. Finally, Section 2.3 defines the structure of the data analysis.
Collection of CE initiatives
CE initiatives promoted in cities were collected including actions encouraged by local authorities, social movements or organizations within the city. Note that the term "city" is used here to depict the territorial organization in municipalities. This excludes the strategies planned at the regional or national scale that are later implemented in municipalities. One of the barriers encountered when defining circularity in cities is the terminology, which if not consistent can lead to diverse conclusions. In order to provide a common selection background for the inductive analysis of initiatives (see Section 2.3), a theoretical sampling strategy was applied to only sample cities that acknowledge their progress towards CE. In other words, while cities might be involved in a variety of sustainability actions that aim to help them become green cities, ecocities, low-carbon cities or sustainable cities, if a city does not explicitly refer to the CE, it was excluded from the sample. This helps to identify which initiatives are regarded as circular and creates a homogenous sample of cities using the same terminology.
Data were retrieved from existing peer-reviewed literature (Geng et al., 2009; Prendeville et al., 2016; Qian and Wang, 2016) , CE-related reports (see for instance, Ba cov a et al. (2016) and Lindner et al. (2017) ), and online CE databases (Circular Europe Network, 2017; City of Aalborg et al., 2017; De Groene Zaak, 2017) . Based on cross-references and examples mentioned in the aforementioned resources, local reports and newspaper articles were scanned to complement the information about urban actions on the CE. These results generated a list of 83 cities, illustrating the initiatives reported up until September 2017.
As city initiatives are typically reported in non-peer-reviewed platforms, these webpages, databases and newspaper articles are considered a valuable source of information in this step of the analysis. Additionally, CE is still a relatively new area of research (Geissdoerfer et al., 2017) and the data available in the literature is not sufficient for the city-scale assessment. These sources of information pose two main challenges. First, language biased the sample size because cities mostly use their local language for communication. Hence, the actual number of cities that report on the CE might be larger, but the authors could only retrieve information reported in English and a few additional languages, such as German or Spanish. Second, these information sources are challenging in terms of extent, consistency and comparability of the data provided. To address this limitation, this study focuses on city initiatives that are described by cities. Unfortunately, the available data does not allow assessing the degree of realization, effectiveness and impact of each initiative. Hence, this paper focuses on what city mayors, committees and organizations perceive as desirable, which we call "thought spaces". This may seem a very limited insight into what cities actually do. Yet, it gives a clear indication of what kind of initiatives they favor.
Review of quantitative environmental research
The literature review focuses on peer-reviewed journal articles that evaluate the environmental performance of CE strategies from a quantitative standpoint. The search includes papers published in English between 1975 and September 1, 2017, which were retrieved from ScienceDirect and the Web of Science. Environmental assessments of green improvement strategies are abundant in current publications (e.g., LCA, MFA or input-output (IO) analysis); however, not all process-and flow-based studies frame the analysis in the context of the CE. For this reason, the literature search criteria combined the terms "circular economy" with "life cycle assessment", "material flow analysis", "input-output" and/or "carbon footprint". The search was not restricted to the term "cities" in order to obtain a comprehensive view of CE strategies that potentially relate to cities (see Section 2.3 for more details). This process produced 1112 results. From this initial pool of articles, only case studies were selected, as this research focuses on the environmental quantification of CE strategies. Hence, articles that present reviews and conceptual discussions were excluded. Duplicated entries were also removed. Afterwards, papers were screened based on their actual use of the term "circular economy", meaning that CE must be a core aspect of the analysis or the strategies covered must explicitly be connected with CE. This term must be mentioned in the title, abstract, keywords, problem statement or results. At the end of this process, the sample comprised 101 papers.
Structure of the review process
Research has yet to reach a consensus on a standard definition of CE and the classification of its principles, although several studies attempt to do so (Kirchherr et al., 2017; Prieto-Sandoval et al., 2017) . Given this large variety of deductive approaches, this study does not adopt a narrow framework or definition of CE in order to avoid limiting the findings on practitioner "thought spaces" and to help in identifying trends and gaps. Instead, an inductive approach was applied to identify and develop a typology of CE strategies based on urban initiatives. Inductive research is particularly useful in mapping new domains of research, as it allows the researcher to remain open to new and emerging themes based on the data (Strauss and Corbin, 1998) . Hence, it was well suited to gain a comprehensive overview of city initiatives, trends and gaps and to contrast the findings with related research. Fig. 1 describes how results of this review were structured and provides some examples.
Based on inductive principles, the analysis of city initiatives applied theoretical sampling, theoretically sensitive coding and comparison (Glaser and Strauss, 1967) . The theoretical sampling is described in Section 2.1. The theoretically sensitive coding strives to grasp the major strategy behind each initiative and then develops a set of general categories that reflected a set of distinct strategies. These strategies were further grouped into urban targets e which classify the underlying targets pursued by different initiatives. As a result, local CE initiatives were classified into 21 CE strategies. For instance, initiatives referring to door-to-door collection or separate waste collection were categorized as efficient waste management infrastructure. More examples are presented in Fig. 1 . In terms of accounting, the presence of each strategy in a given city was accounted for regardless of the number of initiatives promoted within a particular strategy. As with every inductive research process, subjectivity cannot be avoided. To address this issue, the authors applied two main strategies. First, they contrasted the emerging categories with the research areas resulting from the analysis of research articles, checking for aspects that may have been unclear or forgotten. Subsequently, the CE strategies of cities were used to classify the scientific literature. Second, the authors discussed a first set of categories and then adapted it to reach intersubjective plausibility (Sousa, 2014) .
Later, CE strategies were grouped according to four target urban systems, which were defined based on the constituents of circular cities presented by Qian and Wang (2016) and Zhijun and Nailing (2007) . These are infrastructure, social consumption, industries and businesses, and urban planning. In this sense, urban areas are supported by infrastructure that enables their functionality (Zhijun and Nailing, 2007) , e.g., energy and water networks, agriculture, buildings and mobility systems. Within this infrastructure, industries and consumers produce and demand resources. Here, the term "social consumption" refers to the "process of goal choice and resource use" at the city scale (Bettman and Andrews, 1972) , which is expected to be reflected in individual consumer choices and preferences (e.g., repairing a product instead of replacing it based on the availability of affordable repair services in a city). Finally, urban planning allocates land and resources to natural and anthropogenic systems. Greenhouse gas studies based on several cities include a heterogeneous classification of urban systems (Kennedy et al., 2011) , which complicates the definition of the city boundaries. In this study, the initiatives supported by cities and the target urban systems delimitate the boundaries. Additionally, communication and politics are relevant vectors for approaching CE, which might lead to the implementation of novel initiatives through knowledge generation and innovation. However, the initiatives related to these processes were excluded because their environmental effects are in many cases difficult to estimate (e.g., the environmental impacts of networking sessions).
Results

Scanning the CE initiatives applied at the municipal level
Around 300 initiatives were identified in the 83 cities included in the sample. Once classified, each city addressed between 2 and 3 strategies on average (Table 1) . A detailed list is provided in Tables S1 and S2 in the Supporting Information. Of the strategies found in the sample, 47% focus on urban infrastructure, followed by social consumption (24%), and industries and businesses (22%). Additionally, waste management was a popular topic among the strategies, which aligns with the traditional view of CE as a wasteoriented model and a tool to create waste management policies (Ghisellini et al., 2016) . However, a number of initiatives focused on energy supply, green construction and materials, and repair and reuse options, showing that the implementation of CE is diverse and expands across different topics and urban targets.
Interestingly, the application of CE initiatives was recorded in a wide variety of locations, both in terms of geography and population size. Of the sample cases, 80% were located in Europe, 10% in North America and 10% in East Asia (see distribution in Table S2 in the Supporting Information). Besides the language bias in data collection, this uneven distribution of initiatives might be explained by the existence of longstanding sustainability initiatives in European cities, known under names such as "smart cities", "green cities" or "eco-cities" (Caragliu et al., 2011; Joss, 2011) . The existence of this related conceptual, social and built "infrastructure" may explain a more rapid uptake of the CE concept in European cities. Furthermore, scholars argue that the realization of CE initiatives is more likely in "developed countries", as developing countries currently follow a development agenda that relies on a growth in stocks and, thus, precludes circularity to a large extent (Pauliuk, 2018) .
Initiatives were also found in a range from small communities to metropolises. Clusters were created based on population to assess their progress towards CE. While waste management was, again, identified in all groups, there are varying trends in regards to population. In areas with less than 250,000 inhabitants, most of the industrial and business-related strategies were barely considered.
This might be related to their funding availability and prioritization criteria or the degree of industrial and business development in each city. In contrast, the largest cities promoted a wider set of strategies, which covered most of the urban targets. These larger cities also contributed with additional innovative initiatives, relating to smart technologies and mobility. Cities with over 500,000 inhabitants promoted 4 to 6 strategies on average per city. Within this population size, there were very prolific cities that encouraged a variety of CE initiatives. Paris (France) developed a CE action plan (Mairie de Paris, 2015) that covers 62% of the 21 strategies (see Table S1 in the Supporting Information) along with a set of policy-related recommendations. In the Netherlands, Amsterdam and Rotterdam engaged in 57% and 48% of the strategies, respectively, with a strong interest in urban infrastructure (e.g., district heating or local food production) and industrial systems (e.g., waste cascading or nutrient recovery) (Gemeente Amsterdam, 2013; Gemeente Rotterdam, 2016) . Additionally, cities involved in at least seven strategies include Tianjin and Guiyang (China) (Qian and Wang, 2016; Tianbao, 2014) , London (UK) (London Waste and Recycling Board, 2017) , Brussels and Ghent (Belgium) (Circular Europe Network, 2017; De Nieuwe Dokken, 2017) . All of these are large cities with at least half a million inhabitants except the last one, which has around 260,000 inhabitants. Table 1 Strategies applied in cities based on population size and urban systems. The number of recorded strategies is cumulative, meaning that it accounts for each time each strategy was promoted within each population range. Percentages refer to the total number of strategies.
The state of CE-related environmental assessments
The literature search produced a variety of articles associated with each of the quantitative tools considered (see the detailed list in Table S3 in the Supporting Information). Most of the analyses (65%) applied LCA to understand the main environmental implications of CE strategies (Fig. 2) . MFA was also a popular tool (21%) and the search additionally found some papers using emergy (4%). The fact that LCA is widely used is not surprising, as it is already a mature tool that delves into the life-cycle stages of a product system to identify potential damaging practices (ISO, 2006) . It also benefits from combining with other tools. For instance, eight of the articles coupled LCA and MFA to estimate the environmental impacts of material flows at the national, local or product scale (see, for instance, Bais-Moleman et al. Based on these tools, the resulting topic coverage was assessed according to the urban targets and CE strategies considered. The search results show that most articles focus on industries and businesses (58%) and infrastructure (35%). One of the possible explanations for these results is the relevance of industrial symbiosis and eco-industrial development when achieving CE through industrial ecology (Saavedra et al., 2018) . Although a number of studies approach different strategies simultaneously, there seems to be two mainstream research lines that jointly account for 37% of the analyses. Waste management infrastructure is again a core strategy. For instance, studies deal with waste collection and treatment scenarios (e.g., Edwards et al. (2017) , Islam (2017) or Tomi c and Schneider (2017)) or upgraded treatment technologies (e.g., Arp et al. (2017) or Dal Pozzo et al. (2017)). Recycling and treatment schemes are evaluated for different types of materials and products, such as plastic waste (Sevign e-Itoiz et al., 2015), aluminum scrap (Sevign e-Itoiz et al., 2014), end-of-life vehicles Pan and Li, 2016) , construction and demolition waste (Dahlbo et al., 2015; Vitale et al., 2017) or electronic appliances (Rigamonti et al., 2017) . A few articles assessed the environmental effects of energy or material recovery through waste management systems (Aracil et al., 2017; Jeswani and Azapagic, 2016; Thomsen The other main research line is reusing materials and waste in industrial systems. A wide variety of applications have already been evaluated in the literature (see a detailed list in Table S3 in the Supporting Information). Notably, different systems, previously unconnected, are jointly assessed via their interactions through reuse. Some examples are related to the food sector, such as using food waste from cruise ships as feed in aquaculture (Strazza et al., 2015) , producing biochar out of tomato plant residue (LlorachMassana et al., 2017) , treating food waste through insects to generate compost and protein for aquaculture (Salomone et al., 2017) , or turning tomato pomace into cattle feed and soil pest control alternative (Oldfield et al., 2017) . The construction sector is also addressed through the production of green materials based on industrial waste or by-products (Deviatkin et al., 2016; Ren et al., 2016; Sommerhuber et al., 2017; Turk et al., 2015) . These assessments depict the high level of innovation that environmental research is already going through at the industrial scale.
Other urban systems call for additional attention. Only 6% of the studies deal with social consumption to a certain extent. Most of these cases refer to food waste management and are usually combined with other infrastructure-related scenarios (Christis et al., 2015; Edwards et al., 2017; Li et al., 2013; Oldfield et al., 2016) . Based on the literature search, only Castellani et al. (2015) apply LCA to understand the impacts and benefits of secondhand shops as an example of product repair and reuse initiatives. Sharing activities, such as car sharing, and the reduction of disposable products (e.g., water bottles or shopping bags) are not covered at all, and there is a lack of studies in the field of smart IT and green procurement. In the case of urban planning, only one case related to land occupation and zoning could be identified, but CE is not a core issue. Even so, this case was added to the sample to exemplify the assessment of industrial relocation in environmental terms (Zhang et al., 2016) .
Do research and practice align?
After analyzing the samples of cities and literature, some similarities and mismatches arose. In general, it seems that both cities and research have a particular interest in waste management strategies. Cities tend to encourage different types of waste collection schemes (e.g., separate, door-to-door and waste-specific collection programs) (see Table S2 in the Supporting Information), whereas research mostly addresses the impacts of treatment options (Section 3.2). However, the initiatives promoted in the field of social consumption and urban planning are not fully captured in quantitative terms. One might presume that a large number of assumptions are involved in these assessments due to the complexity of social and urban processes and are usually difficult to evaluate from a quantitative perspective. Furthermore, such analyses may require data that is not publicly available (e.g., urban planning processes or specific consumption patterns). Still, a number of cities support several reuse and repair actions, with a variety of remarkable examples in Oslo (Norway), Tiana (Spain), Eskilstuna (Sweden), Nijmegen (The Netherlands) or Austin (USA) (see Table S2 in the Supporting Information). Based on this review, there is a lack of environmental analyses describing the benefits and impacts of these initiatives. An additional search for social consumption studies without the term "circular economy" produced a limited number of quantitative papers (Paras and Pal, 2017; Woolridge et al., 2006) . However, this type of analysis seems relevant given the willingness of local entities to implement these actions. More interesting is the lack of IT-related studies. This strategy might be of particular relevance as the digitalization of our economy and society is often seen as the "Holy Grail for environmental salvation" (Sui and Rejeski, 2002) . Considering the large amount of processes that take place online and the changes in behavior they entail, their environmental effects should also be evaluated. In addition, with Information and Communications Technology (ICT) and e-services becoming more relevant in current smart cities (Anthopoulos and Vakali, 2012) , this strategy should be better understood to unveil its environmental potential in a circular city.
Another crucial issue is associated with urban planning. Some cities are already working on district redesign through citizen participation as a CE strategy to approach climate-friendly models. See, for instance, the cases of Ghent (Belgium), Amsterdam (The Netherlands) or Barcelona (Spain) ( Table S2 in the Supporting Information). In addition, cities are also concerned about habitat and water conservation and are taking action in the restoration of natural areas and relocation of industrial districts. Environmental accounting of these processes has hardly been conducted yet. Instead, industrial ecologists tend to analyze processes in cities irrespective of the cities' own policies (see, for instance, H. Dong et al. (2016) ). This is a critical issue, as urban planning and policy irremediably affect the environmental performance of urban systems. As Petit-Boix et al. (2017) report, LCA studies of the main components of a city relate to urban planning at some point, but more assessments are needed to identify the environmental consequences of territorial management. In the wider urban ecology and urban planning research, there is an abundance of literature exploring urban planning, infrastructures and environmental questions, with specific journals dedicated to this research, e.g., Landscape and Urban Planning. Yet, the environmental impacts of certain planning strategies have not been comprehensively evaluated so far. Furthermore, urban ecologists and urban planners refer to strategies of circularity only indirectly, e.g., in analyses of smart cities, eco-cities or green cities. Therefore, environmental assessments of specific strategies of urban policy and planning hold large potential (cf. Petit-Boix et al. (2017) and Rees and Wackernagel (1996) ).
The geographical representation of the case studies is also variable (Fig. 3) . The oldest environmental studies are relatively recent, published in 2013 (Hong et al., 2013; Huang et al., 2013; Li et al., 2013; Zhang et al., 2013) . Interestingly, all of them are based in the Chinese context, possibly because of the early application of the Circular Economy Promotion Law in 2008 (National People's Congress, 2008) . Additionally, 25% of the quantitative assessments were conducted based on Chinese case studies, which aligns with recent reviews on the CE (Geissdoerfer et al., 2017; PrietoSandoval et al., 2017) . Nevertheless, only four Chinese cities were studied based on the information on local initiatives available in English. CE is mentioned in the initiatives reported for these cities, but China also has a great number of pilot regions that deal with other concepts, such as eco-cities or low-carbon cities (Khanna et al., 2014) , which were not evaluated if CE was not specified. More in-depth studies on China could be conducted to identify additional initiatives that might have been omitted due to language. In contrast, most of the initiatives included in the sample were located in European countries and research was also available for each country accordingly. Within this group, the UK, Spain and Italy were the most studied. Considering the number of strategies covered in some cities in the Netherlands, Belgium and France (Section 3.1), elaborating more studies in these countries would be advisable to understand the effects of combining a wide number of initiatives. Although studies were not always conducted at the municipal scale (Table S3 in consider in this type of geographical assessment are the countries' economic development, territory, culture and lifestyle, which might influence the degree of implementation of CE strategies at the city scale. These features could provide information about Fig. 3 . Location of the municipalities that reported CE initiatives and number of environmental studies found by country. particular challenges that cities and countries face when transitioning to a CE, which is a recommended research line for future studies.
Discussion
It becomes clear from the analysis that environmental quantification does not always follow the same trends displayed in decision-making, and vice versa. This is not surprising. However, considering that cities are increasingly viewing themselves as hotspots of CE, and the fact that it is extremely complex for a city to define which combinations of CE initiatives will result in the most environmentally friendly performance, it would be helpful for research to provide cities with studies supporting their decisionmaking processes. This analysis aims at aiding in this process by taking stock of (i) the different initiatives pursued by cities and (ii) research that focuses on quantifying the environmental impacts of different strategies. This can then be used to identify strategies that support urban sustainability.
This study shows that a large number of cities from very different geographic areas, with different populations and policies have started to report their actions. These actions expand across different urban targets and interests, especially in large cities and metropolises. This may indicate that larger cities are more active and/or have more resources to pursue CE strategies. Or it may indicate that larger cities have larger and more professional communication departments that achieve better communication of their initiatives. Therefore, it is important to point out here that these findings do not necessarily represent the degree of implementation and goal achievement of each strategy. Given the limited personal and financial resources of cities, especially the smallest ones, it is questionable that all strategies are fully implemented e considering that some cities published a long list of strategies. Based on these results, a structured assessment could aid cities in prioritizing their implementation or focusing their attention on certain types of strategies. To do so, intervention portfolios must be based on the context of each region, as social aspects might need to be prioritized in some areas, whereas others focus on the environmental dimension (Geissdoerfer et al., 2017) . This prioritization might also be interesting in larger cities in order to apply the strategies that generate the largest net environmental benefits while optimizing economic and social resources. Finally, evaluating different strategies under different conditions not only could provide efficiency gains for administrations (by prioritizing) but could also help to work towards generally favorable conditions for a CE e as some developments in cities might be transferable to national/ regional strategies. For instance, Rees and Wackernagel (1996) argue that cities' major characteristics in terms of environmental impacts are their concentration of waste/pollution/emissions and removal of nutrients from surrounding areas. These characteristics may also apply to regions or countries. Thus, the analysis of CE strategies in cities could be a good 'learning exercise' for the development of wider societal CE strategies.
Considering these benefits, current research was analyzed to support prioritization and learning. Here, several gaps in industrial ecology analyses were discovered. These are particularly apparent in the areas of social consumption and urban planning strategies. This is surprising given that many cities are considering integrated approaches such as the redesign of neighborhoods or the creation of repair and reuse platforms. Furthermore, crucial strategies for a CE, including food waste management or water reuse, have not yet received much attention among scholars of industrial ecology. This underrepresentation points to the need for a stronger engagement with the variety of strategies that exist, including strategies beyond (purely) technological innovation. A strategy that may be of particular interest here, but has received almost no attention at all, is public procurement (an exception being the LCA performed by Tarantini et al. (2011)) . Research from other disciplines shows that public administrations usually face many problems when implementing green public procurement (Bouwer et al., 2006; Walker and Brammer, 2009 ). Nevertheless, this strategy continues to be very popular among cities. Therefore, it may be a field worth studying in future research. To enable a stronger engagement with this wide variety of strategies, interdisciplinary studies hold considerable potential. This review includes some articles with examples of this, combining environmental and economic accounting through various approaches (Bobba et al., 2016; Dong et al., 2013; Fern andez-Dacosta et al., 2015; Geng et al., 2014; Iraldo et al., 2017; Lin et al., 2016; Pires et al., 2016; Zaman, 2016) . These studies show a stronger orientation towards real-life constraining factors from various dimensions, including technical, political, ecological or financial. This enhanced grounding of the analysis may ease the development of strategies that have a higher chance of being realized, thereby helping cities to become hotspots of sustainable circularity. Of course, the results presented in research cannot be generalized and are not directly applicable to any city, as each case might require a specific system definition. Each city functions within a particular socio-economic, environmental and political context, which demands specific studies adapted to each situation. Hence, available results should be used with care in the prioritization process. Nevertheless, available insights might inspire and help cities to identify the type of assessments they need to understand their environmental performance.
Finally, future disciplinary and interdisciplinary research on cities' CE strategies "should consider outcomes by critically evaluating the degree to which the intended aims have been realized and what substantive results (e.g., greenhouse gas emission cuts, renewable energy uptake, public transport use) have been achieved" (Joss, 2011) . As shown by Rees and Wackernagel (1996) , their large population density makes cities one of the key levers for societal sustainability. At the same time, it is precisely this population density that puts cities at higher risk of jeopardizing societal sustainability. Therefore, cities' strategies require a constant monitoring over time e especially if other cities, regions and/or countries also promote strategies that might not be entirely compatible. To constantly check and account for these changes, research and practice tools are required to monitor the overall progress toward sustainability. In this sense, the overview of initiatives provided in this paper could serve as a starting point for qualitative and quantitative analyses to identify conditions for certain initiatives to be realized across cities. At the same time, the results of this study underline that this should be done with a careful eye on the respective countries' economic development, territory, culture and lifestyle. These factors may have a large influence on the degree of implementation of CE strategies at the city scale. Therefore, we also encourage quantitative analysts to consider these aspects more.
Conclusions: what can research do?
It is extremely complex for a city to define which combinations of CE initiatives will help achieve its sustainability goals. When approaching circularity, cities might look for assessments that deal with CE and the strategies that they seek to implement. In parallel, researchers looking for guidance on the most pressing and publicly discussed actions in cities may want to gain an overview of political and administrative debates. This paper contributes to CE research by uncovering the gaps that industrial ecology analyses could consider when addressing CE in urban areas. Based on the mismatch between urban "thought spaces" and current quantitative research, some recommendations for research arise. These are not meant to be conclusive but are suggestions to aid researchers create and discuss these ideas in their particular context. A clear recommendation is to increase the attention on social consumption and urban planning when addressing CE issues that directly affect urban areas. As urban planning potentially affects a number of urban strategies (e.g., mobility or construction), it seems to be a key element to consider in moving towards more circular cities and communities that not only apply CE principles, but also account for the environmental consequences of their decisions. Another recommended pathway is to conduct integrated assessments that help identify the sustainability of CE strategies together with the barriers and opportunities identified by key stakeholders for realizing these strategies in their respective urban contexts. Here, the shortand long-term feasibility and effects of each strategy could be determined based on the population size, geographical location and/or administrative structures, among other parameters. With these recommendations, this study mirrors cutting-edge scholarship in the field of urban sustainability transformation. For instance, Webb et al. (2018) show that co-design structures can help identify the limitations and gaps in goal definition and local practice by involving researchers and practitioners. Hence, collaborative work might help to further delve into the needs of cities based on their sustainability goals and prioritization criteria.
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